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Precast concrete deck systems have been successfully used for Accelerated Bridge 

Construction. In most systems, special deck-to-girder connections are designed to achieve 

structurally composite sections. These connections require tight production/erection 

tolerances that complicate deck and girder fabrication and compromise the economics of 

these systems. This study presents a new precast concrete deck-to-girder connection that 

takes advantage of the excellent mechanical, workability, and durability properties of 

ultra-high performance concrete (UHPC) to simplify precast concrete deck and girder 

fabrication and erection. Typical girder shear reinforcement is terminated below the soffit 

of deck panels to eliminate any conflicts with deck reinforcement and relax production 

and erection tolerances. Shear pockets with loose bars are filled with UHPC to provide 

shear transfer mechanism between concrete deck panels and girders. 

To evaluate the performance of the new connection, a non-proprietary UHPC mix 

was developed using local materials at approximately one-third the cost of commercial 

mixes. Two interface shear planes were identified in the proposed connection: in the 

monolithic UHPC shear pocket at deck soffit; and between fresh UHPC and hardened 

conventional concrete (CC-UHPC) at the top of the precast concrete girder. Current code 

provisions do not provide guidance on either of the two planes. Therefore, experimental 
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Figure 4.1 shows a schematic depiction of the difference between the matrix 

structure of conventional concrete and UHPC. The UHPC structure is packed densely 

with minimum voids between the particles, while the structure of conventional concrete 

is loosely packed. To achieve a high particle packing, Table 4.1 shows the materials used 

in developing the non- proprietary mixes. These materials were selected based on 

extensive investigation that can be found in Mendonca et al. (2020).  

 

                

(a) Conventional concrete                         (b) UHPC  

Figure 4.1. Schematic difference between particle packing in conventional concrete and 

UHPC (Mendonca et al. 2020). 

 

Table 4.1                 

The materials Used in Developing the Non- proprietary Mixes (Mendonca et al. 2020).  

Sand No.10 silica sand 

Cement Type I/II 

Slag Grade 100 Slag 

Silica fume Force10,000 densified microsilica 

Fiber 13/.20 mm micro steel fiber 

HRWR Premia 150 
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Table 4.2 lists the final non-proprietary and commercial UHPC mixes proportion. 

The mechanical properties of three non-proprietary UHPC mixes, UHPC 1450, UHPC 

1700, and UNL-UHPC are investigated and their comparison to a commercially available 

UHPC mix. The mechanical properties results include compressive strength, modulus of 

elasticity and Poisson’s ratio, flexural strength, splitting tensile strength, direct tension 

strength and rebar development length. All UHPC mixes listed in Table 4.2 were 

developed in large quantities (2.5 ft3) to allow making the specimens required for the 

tests listed in Table 4.3. Most of mechanical properties testing was performed based on 

the corresponding ASTM as shown in Table 4.3 otherwise FHWA reports, and previous 

research were used. All the mechanical properties testing was conducted at 28 days 

except for UHPC 1450 at 56 days. 

 

Table 4.2       

Mix Proportions of Non-proprietary and Commercial UHPC (Mendonca et al. 2020) 

Constituent 
Weight (Ib/yd3) 

UHPC 1450 UHPC 1700 UHPC 1900 Commercial 

Cement I/II 878 1070 1178 

Pre-bagged 

Silica Fume 117 143 152.7 

Slag 425 518 570 

Powder Content 1420 1731 1900.7 

#10 Sand 2119 1925 1663.7 

Water + Ice 241 289 317 219 

HRWRAa 55 61 61 34 

WRAb - - - 17 

Fiber 267 283 263 263 

w/b 0.196 0.192 0.189 - 

a High Range Water Reducer Admixture (Chryso Premia 150) 
b Workability Retaining Admixture (RheoTech Z-60) 
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Table 4.7                  

Summary of Mechanical Properties Testing of UHPC 

Property 
Requirements 
from ASTM 

C1856 

FHWA 
Acceptance 

Criteria 
(2014) 

FHWA 
Results 

U-A, 
(2018) 

Commercial UNL-
UHPC 

Compressive 
Strength, 28d (psi) 17,000 21,000 18,000 23,300 17,670 

Modulus of Elasticity, 
28d (ksi) n/a 7 6 : 8 8.17 6.33 

Poisson's Ratio, 28d n/a n/a 0.15 0.22 0.24 

Flexural Strength at 
First Crack, 28d (ksi) n/a 1.3 n/a 2.97 2.81 

Peak Flexural 
Strength, 28d (ksi) n/a n/a n/a 4.25 3.90 

Splitting Tensile 
Strength, 28d (ksi) n/a 

1.3 

(Cracking 

Strength) 

2.57* 2.4 1.93 

Rebar Development 
Length 

Satisfied the FHWA-HRT-14-090 recommendation (Ld=8db and Cover= 3db) 

Bar Yield before Bond Failure 

*29 days with 3% fiber content 

Table 4.8               

Unit Cost of Raw Materials for locally developed UHPC Mixes (Mendonca et al. 2020) 

 Materials Source and location Unit cost 
$/ton 

Sand No.10 sand Lyman-Richey Corporation Omaha, NE 10 

Cement Type I/II Ash Grove Cement Company Louisville, NE 105 

Slag Grade 100 Slag Central Plains Cement Company Omaha, NE 123 

Silica fume 
Force10,000 densified 

microsilica 
GCP Grace Construction Products 1080 

Fiber  13/.20 mm micro steel fiber US Domestic Source 3000 

HRWR Premia 150 Chryso 18.5* 

* in $/gallon 
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Table 4.9 shows the cost of UNL-UHPC mix based on the available raw material 

unit cost. The UNL-UHPC mix costs approximately $723.4/yd3 which is 36.2% of 

commercially available mix. This significant reduction makes UHPC attractive to bridge 

construction community.  

Table 4.9             

UNL-UHPC Raw Material Cost 

Constituent Weight (Ib/yd3) Unit cost $/ton Cost ($/yd3) 

Cement I/II 1178 $105 $61.9 

Silica Fume 152.7 $1080 $82.5 

Slag 570 $123 $35.1 

#10 Sand 1663.7 $10 $8.3 

Fibers 263 $3000 $394.5 

HRWRAa 61 $18.5* $141.1 

  Sum $723.4 

* in $/gallon  
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 Table 5.1 summarizes the interface shear resistance provisions for CC and 

associated upper bounds with unified symbols as possible for comparison. Table 5.1 

shows that the interface shear is resisted by both concrete cohesion and shear-friction at 

the interface plane with area (Acv) in all codes except ACI 318-19 that ignores concrete 

cohesion portion. ACI 318-19, Eurocode-2 (2004), and CSA A23.3-14 provisions 

consider interface shear reinforcement inclination angle ( ) with the perpendicular to the 

interface in predicting interface shear resistance. In all provisions, the shear 

reinforcement crossing interface plane is required to be fully developed in both sides of 

interface plane, and its stress is limited the yield strength. The yield strength should not 

exceed 60 ksi (420 ksi) in AASHTO LRFD (2020) and ACI 318-19 and 72.52 ksi (500 

MPa) in CSA A23.3-14 to control crack width. Also, the compressive strength of weaker 

concrete layer (fc’) is used in obtaining the interface shear resistance upper bound. 

Table 5.2 summarizes the concrete cohesion and shear friction factors stated by the 

four codes for three different interface surface textures. Two surface textures are 

recognized by all the codes: (1) smooth texture (clean surface and not intentionally 

roughened); and (2) highly roughened surface (clean surface and roughened of at least 

full amplitude of 0.25 in. in AASHTO LRFD and ACI 318-19 or 0.2 in. (5 mm) in 

Eurocode 2 and CSA A23.3-14. Eurocode 2 is the only code that includes a low 

roughened interface surface with an amplitude of at least 0.12 in. (3 mm) and estimates 

the cohesion factor as a fraction of the concrete tensile strength (fctd). In all the four 

codes, the friction factors (μ) are the same for smooth surfaces, which is 0.6, and almost 

the same for highly roughened surfaces (0.9 or 1.0).  
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Table 5.1                   

Interface Shear Resistance Prediction Equations between Fresh and Hardened Normal 

Weight Concrete and Associated Upper Bounds in Different Code Provisions. 

Code 
Interface Shear Resistance 

Prediction Equation 
Interface Shear Upper Bound 

ACI 318-19 (Section 

22.9.4), ksi 
. .  

0.48 0.08  0.20  

1.60  

AASHTO LRFD 

(Section 5.7.4.3), ksi 
. .  .    

Eurocode 2 

(Section 6.2.5), MPa 

. . .

 

0.5  

0.6 1 250�  

CSA A23.3-14 (Section 

11.5), MPa 

. . .

. .  

 

. . .

0.25  

 is acute angle between interface shear reinforcement and interface shear plane; 
K1 is the fraction of concrete strength available to resist interface shear; 
K2 is limiting interface shear resistance (ksi); 
c  is factor depending on the roughness of the interface; 
fcd is the design value of concrete compressive strength (MPa); 
fck is the characteristic compressive cylinder strength of concrete at 28 days (MPa); 
fctd is the concrete design tensile strength (MPa); 
 is the factor of concrete type; 

n is the stress caused by the forces normal to the interface plane; 
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Table 5.2                  

Cohesion and Friction Factors for Interface Shear Resistance Between Fresh and 

Hardened Normal Weight Concrete with Different Interface Surface Textures by 

Different Codes. 

Interface Type 

Smooth 

Low roughened 

surface (an amplitude 

of at least 0.12 in. 

High roughened 

surface (an 

amplitude 0.25 in. 

c, ksi 

(MPa) 
μ 

c, MPa 

(ksi) 
μ 

c, ksi 

(MPa) 
μ 

ACI 318-19 

(Section 22.9.4) 
- 0.6 - - - 1 

AASHTO LRFD 

(Section 5.7.4.3) 

0.075 

(0.52) 
0.6 - - 

0.28 (1.93) 

* 

0.24 (1.65) 

1 

Eurocode 2 

(Section 6.2.5) 
0.20 fctd

** 0.6 0.40 fctd
** 0.7 0.50 fctd

** 0.9 

CSA A23.3-14 

(Section 11.5) 

0.036 

(0.25) 
0.6 - - 0.073 (0.5) 1 

* in case of cast-in-place concrete slab on clean concrete girder surface 
** fctd is the design tensile strength (MPa) 

5.2. Materials 

The UNL-UHPC and commercially available pre-bagged UHPC mixes were used in 

the experimental program and their mechanical properties were presented in Chapter 4. 

Straight copper coated steel micro-fibers, 0.50 in. long and 0.078 in. in diameter with 

tensile strength of 400 ksi, were added to the mix at a dosage of 2% by volume. Table 5.3 

shows the mix proportions for CC used in the study, which had compressive strength, 

modulus of elasticity and tensile strength of 6.6 ksi, 4.80 ksi, and 0.6 ksi, respectively. 

ASTM A615 Grade 60 uncoated black steel rebars were used for all interface shear 
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